Light scatter from the central human cornea was measured in 60 eyes of 60 patients using computerised image analysis of Scheimpflug slit image photographs. There was no correlation between the amount of scatter and the age of the patients (correla tion 0.035, p = 0.79). In addition it was found that light was scattered more at the anterior and at the posterior surfaces of the cornea than from the stroma.
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Summary
Light scatter from the central human cornea was measured in 60 eyes of 60 patients using computerised image analysis of Scheimpflug slit image photographs. There was no correlation between the amount of scatter and the age of the patients (correla tion 0.035, p = 0.79). In addition it was found that light was scattered more at the anterior and at the posterior surfaces of the cornea than from the stroma.
Scheimpflug photography is a well recognised technique for examining slit images of the anterior segment of the eye.1,2 A sagittal sec tion of the anterior segment is obtained, mak ing it possible to examine the light scattering properties of the lens and cornea using com puterised linear scanning densitometry. Linear scanning densitometry has been used extensively to study light scatter in the lens2,6,7,8 and would seem well suited to study the light scattered by the cornea.
Previous authors have used other tech niques to examine the amount of light either transmitted or scattered by the human cor nea. Olsen3 found that corneal light scatter increased with age, in vivo, and Lerman4 in an in vitro study stated that there was a reduction in transmission with age, possibly as a result of the accumulation of fluorescent chromo phores with advancing years. Van Best,5 how ever, found no difference in the amount of light transmitted at different ages using cadaver eyes.
The aim of the present study was to exam ine the light scattering properties of the human cornea, in vivo, using computerised linear scanning densitometry of Scheimpflug photographs.
Materials and methods
In a retrospective study, 60 Scheimpflug photographs from the eyes of 60 subjects were analysed using computerised linear scanning densitometry. The right eye was chosen for analysis in all except 14 cases where only the photogaphs from the left eye were available. The ages of the subjects ranged from seven to 88 years (mean 44.52) of which there were 33 males and 27 females. The photographs were taken from our library of negatives and were stored alongside sheets containing clinical information about the subjects. These nega tives had been made on Ilford XPI 400 film using the Brown slit image camera, 1 which has an unfiltered xenon flash light source. The photographs had been taken to study lens changes in the subjects who had various types of cataract. Photographs of patients who had any clinical corneal abnormality were excluded as were the photographs of diabetics.
The photographic negatives were optically focused onto a CCD (charge couple device) using a modified Illumitran (slide copier), and the images were then read into an Epson PC AX (10 MHZ) desktop microcomputer by means of a frame store.
The analysis of the photographs was per formed using the technique as described by Sparrow6 for examining the light scattering properties of the human lens. The technique measures the density, relative to a neutral density stairase, of an axial strip of photo graph measuring five pixels on either side of a central line. This is equivalent to a central strip of cornea measuring 0.26 mm. Both the maximum peak and the total area under the densitogram of the corneal spike (area pla nimetry) were taken as parameters for assessing the amount of scatter.
. . Dimensions were measured usmg the aXial linear density trace of the Scheimpflug images. Points for measurement were identi fied from the trace, the cursor being simul taneously displayed on both the computer screen, which displayed the Scheimpflug photograph and the black and � hite vi�eo screen, which displayed the aXial denslto gram, allowing judgements to be confirmed on the image itself (see Figs. 1 and 2 ). The cor neal thickness was also measured. The pos terior peak of increased scatter was not constant and tended to be less than the anterior peak which was always present. We therefore chose not to measure the posterior peak.
In order to mlI).lmlse observer bias the photographs were analysed before the clinical information was recorded so that the exam iner did not know the patient details while carrying out the measurements.
Results
There was no correlation between the age of the subjects and the amount of corneal scatter (correlationO.03,p = 0.79 for maximum peak and 0.030, P = 0.820 for area under corneal peak) (see Figs. 3 and 4) . In addition the amount of scatter was not uniform throughout the thickness of the cornea and the intensity of light scattered was greater at the anterior and posterior surfaces than at its centre (see Fig.  5 ). No relationship was demonstrated between the age of the subjects and the cor neal thickness.
Discussion
Linear scanning densitometry of Scheimpflug photographs is a well recogni � ed techniq . ue for examining the light scatterIng properties of the human lens, in vivo.
In this study we applied the same technique directly to measure light scattered by the cornea.
It might have btten expected that the light scattering properties of the human cornea would increase with age as clinically, old cor neas tend to appear less transparent than young ones. It should be remembered how ever that the changes that occur with age are more apparent in the corneal periphery than at its centre.9 In this study it was only the centre of the cornea that was measured.
Olsen,3 using a technique which employed a fibre optic probe and a photomultiplier, com pared the amount of angular scatter from the central cornea to a standard sodium fluores cein solution. He found that there was a sig nificant increase in the amount of light scatter with age, in vivo. This was independent of the corneal thickness which, as in our study, did not alter with age and he postulated that it was as a result of the spacing of the collagen fibres becoming less regular with advancing years. His technique, however, measured scatter from the full corneal thickness and was not able to differentiate scatter from the separate corneal layers. In his technique the source light was blue in the range of 400 to 500 nm, whereas we used a xenon flash tube which had a much wider spectrum.
Lerman4 also discovered that there was a reduction in transmissivity with advancing years, in vitro, and he attributed this to an accumulation of a small amount of fluorescent chromophores although he found this to be much less important than in the lens. It may be relevant to the study by Olsen3 in that it is the blue end of the spectrum which induces fluorescence and this could account for his finding increasing values with age.
In the study by Van Best,s using cadaver eyes, it was shown that corneal transmissivity did not decrease with age and this would tend to concur with our results.
Light scattering from the corneal stroma is thought to increase when the orientation of Fig. 3 . No correlation could be fo und between the age of the subjects and the maximum peak of the corneal spike on the densilOgram. the collagen fibrils becomes altered.3 Gold mann 10 believes that light scattering in the oedematous cornea occurs when there are fluctuations in its refractive index which are distributed over distances which are larger than one half of the wavelength of light. The critical value for this distance is arouno 2000A. It is known that the pump activity of the human endothelium diminishes with age
.. E Fig. 4 . No correlation could be fo und between the age of the subjects and the area under the corneal spike of the densitogram. and it might be expected that this would inter fere with the transparency of the cornea. It has also been shown, however, that this is at least partly compensated for by the fact that the barrier function of the endothelium and its ionic permeability are increased with age.
II
It might be criticised that the sample chosen for this study was poorly representative of the population as a whole as all of the subjects had cataracts. This would have to be conceded, however none of the subjects had any clini cally detectable corneal pathology and it was thought unlikely that the cataracts would bear any relationship to the amount of corneal light scatter. Olsen3 in his study also included patients with cataracts.
It was interesting to note that the amount of scatter was not uniformly distributed through out the cornea and that more scatter occurred at its anterior and posterior surfaces than at its centre. Presumably most scatter was occur ring at interfaces where there is a large change in refractive index, i.e. the epithelial and endothelial surfaces and also at Bowman's membrane which would contribute to the anterior peak. This has been observed by pre vious workers.12,13,14 Lindstroml4 stated that the main contribution to the integrated scat tered intensity from the rabbit cornea came from the regions close to the epithelium and endothelium. He also observed that more scatter occurred at the anterior than the pos terior side of the cornea and attributed this to the collagen fibres being more irregularly orientated in the anterior than the posterior stroma. Previous measurements of this, how ever, have only been made on in vitro prep-, arations in rabbitsl3,14 and although it has been noticed clinically usi!!g the slit lamp,12 to our knowledge, it has never been quantified in vivo.
In conclusion, we feel that computerised linear scanning densitometry of Scheimpflug photographs is a useful technique for exam ining the light scattering properties of the cor nea as well as the lens and that it therefore has the potential to be used in the evaluation of corneal scarring and to monitor the progress of corneal oedema, Recently, a technique has been developed at Oxford which enables photographs to be taken and fed directly into a computer by means of a CCD camera and therefore dis pense with film altogether. This will greatly facilitate the follow up of patients with cor neal pathology since a result would be avail able immediately without having to wait for film to be developed rhus allowing treatment to be monitored. Another useful application' of this technique may be in the assessment of iritis since it was shown by Anjou and Kra kOUl5 that anterior chamber light scattering increased in patients with this condition. Our technique offers the facility to measure this objectively in a matter of minutes and could prove a valuable method of assessing anti inflammatory treatment.
